Methods are described that resulted in the selective release of deoxyribonucleic acid (DNA)-binding factor from the surface of competent pneumococci. The same methods caused a parallel inactivation of the DNA-binding capacity of the extracted bacteria. Genetically or physiologically incompetent pneumococci did not yield binding factor upon exposure to the same methods. The solubilized binding factor appeared to be a protein; it could be assayed by a membrane filter binding procedure. The binding factor had properties reminiscent of those of the DNA receptors of transformable pneumococci .
In genetic transformation, bacteria exhibit a unique capacity: they can adsorb bare deoxyribonucleic acid (DNA) molecules from the environment and transport these through the plasma membrane to the cellular interior in a process that seems to be specific for polydeoxynucleotides. Recently we developed techniques that allowed the identification of several stages in this process (8) . It was reported that cell wall-cell membrane complexes prepared from pneumococci retained a DNA-binding capacity reminiscent of that of the live cells (7) . However, the binding capacity was lost by washing with buffer. A more or less complete inactivation of DNA-binding capacity was also observed during formation of protoplasts and even during brief incubation of the competent bacteria in certain buffers or in hypertonic sucrose (7) . We report here that the same inactivating conditions also cause a release of a DNA-binding factor (DNA BF) to the medium. This factor may be part of the DNA receptor complex functioning in genetic transformation.
MATERIALS AND METHODS
The wild-type (R36A) strain of Diplococcus pneumoniae was used in most experiments. Some relevant properties of the poorly transformable (genetically incompetent) mutant strain RA7 can be found in previous publications (9, 12) . Details of several of the experimental procedures used can also be found in the published literature. These procedures include: preparation of chemically defined growth medium; measurement of growth and viability and assay of transformation; activation of pneumococci to competence; storage of standardized competent and incompetent cultures (10) ; and preparation of pneumococcal protoplasts (7) . Published procedures were also used for the preparation of transforming DNA labeled with radioactive thymidine (8) and for preparation of cell walls (5), cell wall-membrane complexes (9), activator (10) , and crude pneumococcal autolysin (11) . More than 98% of the radioactivity in the DNA preparations was precipitable by cold 10% trichloroacetic acid, and more than 95% of the radioactivity became acid soluble after treatment with pancreatic deoxyribonuclease (DNase). Pneumococcal autolysin (N-acetylmuramyl-L-alanine amidase) and receptor for the competence activator, both purified to homogeneity, were provided by Joachim V. Holtje and Stephen Plotch of our laboratory. The conditions used for the release of DNA BF are described in the legends to the appropriate figures and tables. The assay of the BF was based on the ability of BF preparations to make radioactive DNA adsorb to certain membrane filters. Details of this procedure are as follows.
Membrane filter assay for the DNA BF. One milliliter of reaction mixture contained 20 (4) .
(ii) Osmotic shock. Osmotic shock fluid was obtained in two stages, similar to the procedure used with Escherichia coli (1) . Stage I (at 16 to 18 C): Bacteria in SP (at 7 x 109 cells/ml) were mixed with an equal volume of 40% sucrose in SP containing 1 mM EDTA and kept for 10 min with occasional shaking. The cells were then centrifuged at 10,000 rpm, 4 C, for 10 min. Stage II (0 to 4 C): Cells were resuspended in twice the original volume of cold (0 C) SP containing 5 mM MgCl2. After 10 min of incubation (with occasional gentle shaking) at this temperature, the bacteria were removed by centrifugation (15,000 x rpm, 10 min). The supernatant shock fluid contained 7 to 15 ,ug of protein per 100 ,ul, representing about 15 to 30% of the protein content of the cells.
Additional methods for the extraction of BF are described in the legends to the appropriate figures.
Crude extracts of BF were treated with pancreatic DNase I (25 ,ug/ml) before use. The method used to determine the amount of DNA bound to cells was described previously (7) . EDTA (10 mM) was routinely used to prevent the escape of DNA from the binding sites (6, 8) .
Centrifugation in sucrose gradient. This was carried out by using 5 to 20% linear gradients containing 0.15 M NaCl and 10 mM EDTA (pH 5.7). A cushion of 60% sucrose was placed on the bottom of the gradient. The gradients, in polyallomer tubes, were overlayered with 0.2-ml samples and centrifuged at 27,000 rpm at 4 C for 120 min in the SW50.1 rotor of a Beckman L-3 ultracentrifuge. Fractions of 8 drops were collected through a pinhole punched in the tube bottom. Radioactivity in the fractions was determined after addition of Beckman Ready-solv VI scintillation fluid.
Polyacrylamide gel electrophoresis. Electrophoresis (7.5% gel, 0.4 by 7.5 cm, pH 8 system) was carried out as described by Davis (2) . Samples were run in duplicate; one was stained by Coomassie blue and the other was used for the elution of DNA BF; the gel was cut into 1.5-mm slices and eluted in 0.2 ml of 0.15 M NaCl per slice at 4 C for 16 h.
RESULTS
Release of a DNA BF from cell wall-membrane complexes. It was reported that the DNA-binding capacity of cell wall-membrane complexes is inactivated by washing with salt solution or water (7). This inactivation was accompanied by the release into the washing fluid of a factor that could bind DNA to cellulose acetate membranes (Fig. 1) . Figure 2 illustrates some properties of the membrane binding reaction: binding was highest at a relatively low pH (5.7), although a less effective binding (about 30 to 50% of the values obtained at pH 5.7) could also be demonstrated at all pH values up to pH 9. Binding seemed to be time dependent (reaching a maximum value at about 20 to 30 min), it exhibited a saturation kinetics with respect to both BF and DNA, and it was salt sensitive (no binding was observed above an NaCl concentration of 0.5 M). By using about 6 ,ug of BF, the binding assay could be saturated at a DNA concentration of 0.26 p,g/ml. No binding could be observed by incubating DNA and cell extracts at 0 C. Under optimal conditions (0.01 M salt, saturating concentration of extract, 30 C, and 20 min) a substantial proportion of DNA (5 to 30%) could be immobilized on the membranes. Other factors that influenced the membrane binding assay are listed in Materials and Methods.
Comparable concentrations of the DNA BF were detected in the wash fluids of cell wallmembrane complexes prepared from both competent and incompetent pneumococci.
Release of BF from intact cells. Figures 3  and 4 document the release of DNA BF during two different treatments of competent pneumococci. One of the treatments involved incubation in a buffer that caused leakage of cell components into the medium (9) (Fig. 3) . The other procedure was the conversion of pneumococci to protoplasts by incubation with pure pneumococcal autolysin (Fig. 4) . Two important features of these procedures should be noted: (i) Additional documentation of these points is provided by data in Table 1 , which also lists additional methods that caused inactivation of cellular DNA-binding capacity with a parallel release of BF in a soluble form. Physiologically incompetent bacteria (grown at low pH or in the presence oftrypsin) and a genetically incompetent mutant (RA7) yielded no soluble BF. Treatment of competent cells with dilute detergents caused inactivation of DNA binding without a concomitant release of BF. Nature of the DNA-BF complex. Figure 5 illustrates the sedimentation behavior of DNA after treatment with soluble BF. The appearance of a fast-sedimenting component (representing about 20% of the input DNA) can be seen. This component could not be detected if DNA was incubated with trypsin-treated BF or if the incubation was done in concentrated (1 M) salt solution.
Preliminary characterization of BF. Table  2 summarizes some of the properties of crude BF obtained by the leakage method. BF was inactivated by heating and by treatment with formaldehyde or with proteolytic enzymes. Competition experiments indicated that both double-stranded and single-stranded (heat-denatured) DNA could react with BF, whereas transfer ribonucleic acid was inactive. The crude BF could be recovered in the exclusion volume during chromatography on Sephadex G-100, and the bulk (at least 80%) of the activity could be precipitated along with the DNA by streptomycin sulfate. BF isolated by the osmotic shock method or from the washing fluids of wall-membrane complexes has shown identical properties. A further evidence for the probable identity of the BF solubilized by the different methods is shown in Fig. 6 , which illustrates the electrophoretic mobility of the BF isolated by two different methods. Electrophoresis of the material obtained from the washes of wall-membrane complexes yielded activity profiles similar to that of the osmotically shocked cells (Fig. 6B) . Two major activity peaks could be reisolated from all the gels; the size of the second peak (the one nearer to the cathode) varied depending on the method of extraction. The total number of protein bands was quite different in the three kinds of preparations. 9), were transferred by centrifugation to fresh C medium, pH 8, and divided into two parts. One part received the activator (competence factor, 100 U/ml); the other served as control. During the further incubation at 30 C for 20 min, the culture that received the activator developed competence (4.5 x 10" transformants/mI), whereas the other did not (53 x 102 transformants/ml). Phase II (protoplasting): Both activated and nonactivated cultures were centrifuged and resuspended in protoplasting buffer (0.1 M phosphate, pH 8) containing 20% sucrose. Purified autolysin (2 pg/ml) was added and the suspension was incubated at 37 C. At various times of incubation, samples were removed and centrifuged. The supernatant fluid was treated with pancreatic DNase I (25 pg/ml), and 50-pl aliquots were used for determination of b Cellular DNA-binding capacity and DNA-binding factor activity in the extract were determined by centrifugal (7) and filtration assays, respectively, as described in the text.
c Source of DNA-binding factor. d R36A cells, grown in C medium, pH 8 (10) . e R36A cells, grown in C medium, pH 6.6, or in C medium, pH 8, supplemented with 1 iLg of trypsin per ml (10) . In the latter case, trypsin was inactivated by soybean trypsin inhibitor (Worthington, 10 ,ug/ml) before b Single-stranded (ss) pneumococcal DNA was prepared by heating pneumococcal DNA at 100 C for 10 min followed by rapid chilling on ice.
c Transfer ribonucleic acid. , and (C) were analyzed in duplicate by gel electrophoresis; one gel was stained with Coomassie blue, and the other gel was sliced, eluted, and used for the determination of binding activity as described in the text. The stained gels (A), (B), and (C) were aligned in the figure along the band corresponding to the gel slice (no. 23) with the main peak of binding activity (see arrow). Black lines connect the bands that appear to be identical in gels (A), (B), and (C). The ordinate should be multiplied by 103. into the "periplasmic" space or a weakened binding to a cell structural component). Several properties of the soluble BF are similar to the corresponding properties of the DNA receptors of live competent cells (sensitivity to heat, proteolysis, salts, and formaldehyde; activity with both double-and single-stranded DNA; lack of activity with polyribonucleotides). The results of density gradient analysis suggest that, in vitro, the reaction of the BF with DNA results in the formation of molecular aggregates the exact nature of which is not clear at the present time.
The in vitro reaction between BF and DNA has a pH optimum and requires time and incubation temperature. These facts suggest that BF may have an enzymatic activity. The clarification of the nature of reaction between DNA and BF will require purification of the binding protein to biochemical homogeneity.
